Heart failure (HF) and renal dysfunction are frequent associated in the same patient. The purpose of our study was to assess the prevalence of renal dysfunction and the clinical status in admitted patients for decompensated HF. Material and Methods. 397 patients succesively hospitalized for decompensated HF, NYHA III or IV functional class, with left ventricular ejection fraction (LVEF) ≤ 45% were included in the study. Renal dysfunction was defined by glomerular filtration rate (GFR) < 60 mL/min/1.73 m 2 . The mean GFR in patients with HF was 63.89 ± 21.5 mL/min/1.73 m 2 .The prevalence of renal dysfunction was 49.6%. Patients with GFR < 60 mL/min/1.73m 2 , compared with those with preserved renal function were significantly more frequent older (75.37 ± 6.84 vs. 71.33 ± 8.08 years; p <0.001), females (53,8% vs. 43.5%; p = 0.04), had a significantly higher prevalence of diabetes mellitus (50.2% vs. 28.5%; p <0.001), atrial fibrillation (53.8% vs 46.2%, p = 0.04) and anemia (47.7% vs. 29.5% ; p <0.001). Also, patients with renal dysfunction had more severe HF than those without renal dysfunction (NYHA class IV: 65% vs 45%, p <0.001, clinical congestion: 78.2% vs 68%, p = 0.02, LVEF <35%: 47.21% vs ≥ 35%, p <0.001). Renal dysfunction can be considered an additional marker of severe cardiac dysfunction along with NYHA IV class and low LVEF. The presence of both renal dysfunction and anemia could represent prognostic markers in HF patients with reduced LVEF.
Renal dysfunction is a common complication of both chronic and acute heart failure and may contribute to the progression of the disease. In patients with cardiac dysfunction, renal impairment may be chronic (chronic kidney disease) or may occur during chronic heart failure decompensation (acute renal injury) and sometimes it is difficult to assess the acute or chronic character of renal dysfunction. Causes of renal dysfunction in patients with heart failure are various. In addition to common pathogenic mechanisms such as neurohormonal activation, decreased renal perfusion, oxidative stress and inflammation, an important etiological factor is medical treatment of heart failure (high dose of diuretics, angiotensin converting enzyme inhibitors, angiotensin receptor blockers) which may contribute to renal dysfunction [1] [2] [3] [4] [5] [6] . Also, both chronic kidney disease and chronic heart failure can cause anemia. From a pathophysiological point of view, heart failure can cause renal dysfunction by decreasing renal plasma flow and, on the other hand, renal impairment is associated with a decrease in endogenous erythropoietin (EPO) levels with the occurrence of anemia which in turn causes increased heart work by completing a vicious circle. This association was named by Silverberg et al. cardiorenal-anemia syndrome (CRAS) [7] .
The purpose of this study was to determine the prevalence and clinical profile associated with the presence of renal dysfunction in admitted patients for decompensation of heart failure.
Experimental part
Material and method. In our study, 397 patients were successively hospitalized at the Department of Cardiology of the Filantropia Clinical Hospital of Craiova for the decompensation of chronic heart failure. The inclusion criteria in the study were as follows: age 18 years, NYHA III or IV functional class, HF diagnosed at least 1 year prior to study entry, left ventricular ejection fraction (LVEF) ≤ 45% in echocardiographic evaluation. We excluded patients with left ventricular ejection fraction over 45%, heart failure at first presentation in a previously undiagnosed or heart failure diagnose for less than 1 year. Renal function was evaluated by estimating the glomerular filtration rate (GFR) using the CKD-EPI (Chronic Kidney Disease Epidemiology Collaboration) formula using serum creatinine and demographic variables -age, gender and race and adjusting GFR to body surface area [8] . We defined the presence of renal dysfunction by GFR values < 60 mL/ min/1.73m 2 . Anemia was defined using WHO criteria by hemoglobin (Hb) values <12g/dL in women and <13g/ dL in men [9] . Taking into account the er ythrocyte parameters we divided the patients with anemia into four groups: normocytic normochromic anemia defined as mean corpuscular volume (MCV) 80-98 fl and mean corpuscular hemoglobin (MCH) ≥ 27 pg, normocytic hypochromic anemia (MCV 80-98 fl and MCH <27 pg), microcytic hypochromic anemia (MCV <80 fl and MCH <27 pg) and macrocytic anemia (MCV> 98 fl). Clinical congestion was defined by the presence of ≥ 1 physical sign of hypervolemia (orthopnoea, peripheral oedema, rales, third heart sound, and jugular venous distension, hepatomegaly, hepato-jugular reflux) and ≥ 1 symptom due to hypervolemia (dyspnoea and orthopnoea, paroxysmal nocturnal dyspnea). All patients confirmed their participation in the study by signing an informed consent form.
Statistical analysis
Continuous type variables were expressed as mean ± standard deviation and category variables as percent (%). To investigate the existence of statistically significant differences between the different variables, groups or categories within the same variable, the t-student test and the Mann-Whitney test were performed to compare the meanings between two distinct categories within the same continuous variable with parametric and nonparametric distribution respectively; the ANOVA Analysis of Variation and the Kruskal-Wallis test for comparing the averages of three or more groups within the same continuous variable with parametric and nonparametric distribution and the chi-square test (chi 2 ) and the Fisher test were used to compare at least two groups within the category variables (contingency tables). To evaluate the existence of a correlation between the different variables we used the Pearson correlations for the continuum and Spearman variables for the categorical ones. A p value <0.05 was considered statistically significant. All statistical analyses were conducted using SPSS software, version 22.0 (SPSS for Windows 22.0, Chicago, IL, USA).
Results and discussions
The mean serum creatinine was 1.10 ± 0.4 mg/dL, with limits between 0.46 and 3.97 mg/dL. 11.3% (45/397) of the patients included in the study have serum creatinine > 1.5 mg / dL. The mean estimate GFR was 63.89 ± 21.5 mL/min/1.73m 2 with limits between 11 and 116 mL/min/ 1.73m 2 . Depending on the degree of renal impairment, the distribution of patients was as follows: 2.5% (10/397) had GFR <30 mL/min/1.73m 2 , 18.6% (74/397) had GFR 30-45 mL/min/1.73m 2 , 28.5% (113/397) had GFR 45-59 mL/min/ 1.73m 2 , 37% (147/397) had GFR 60-90 mL/min/1.73m 2 and 13.3% (53/397) had GFR> 90 mL/min/1.73m 2 (fig. 1 ). The mean GFR was 68.43±21.04 mL/min/1.73 m 2 in men, respectively 59.08 ± 21.06 mL/min/1.73m 2 in women (p <0.001). The characteristics of the patients included in our study based on the presence or absence of renal dysfunction are presented in table 1. 49.6% (197/397) of the 397 patients studied had GFR <60 mL/min/1.73m 2 . Table 1 shows that renal dysfunction (GFR <60 mL/ min/1.73m 2 ) was more common in females compared with those with normal renal function (53.8% vs. 43.5%, p = 0.04). The risk of renal dysfunction in women was 1.23 fold higher than in men (CI 95% 1.01-1.31).
Although the ischemic etiology of heart failure has more frequently associated with impaired renal function (46.7% vs 43.5%, p>0.05), smoking is not only one of the most important risk factor for lung cancer [10] , COPD and asthma [11, 12] but also for hypoxemia [13] and coronary artery disease, being more commonly encountered in patients without renal dysfunction (42.5% vs. 37.1%, p>0.05). Patients with low GFR (<60 mL/min/1.73m 2 ) compared with those without renal dysfunction had a higher prevalence of HTN (67% vs. 60.5%, p>0.05), diabetes mellitus (50.2% vs. 28.5%, p <0.001) and COPD (19.8% vs. 18.5%, p>0.05). The risk of renal impairment was 1.76 times higher in diabetic than in non-diabetic patients (CI 95% 1.36-2.28). The presence of HTN and COPD was not significantly influencing the risk of renal dysfunction (RR 1.0 CI 95% 0.95-1.28 respective RR 1.07 CI 95% 0.98-1.16). Atrial fibrillation was also more common in patients with impaired renal function compared to those with GFR ≥ 60 mL/min/1.73m 2 (53.8% vs 46.2%; p = 0.04).
Patients with severe symptoms (NYHA IV class) had significantly lower GFR compared to those with mild symptoms (NYHA III class) (59.43 ± 20.49 mL/min/1.73m 2 versus 69. 31 ± 21.59 mL/min/1.73m 2 , p = 0.004, fig. 2 ), and on the other hand, severe symptoms were significantly higher in patients with renal dysfunction versus those without renal dysfunction (65% vs 45%, p <0.001). Also, patients with severe NYHA IV class heart failure had a 1.44fold greater risk of renal dysfunction than those with mild symptomology, NYHA III class (CI 95% 1.20-1.73). Clinical congestion was present in 78.2% of patients with renal dysfunction compared to 68% of those without renal impairment (p = 0.02), mean GFR being significantly lower in the presence of clinical congestion compared with no congestion (62.04 ± 21.27 mL/min/1.73m 2 versus 68.87 ± 21.57 mL/min/1.73m 2 , p = 0.005). Mean GFR in patients with LVEF <35% was significantly lower compared to patients with LVEF ≥ 35% (57.41 ± 20.5 ml/min/1.73m 2 vs.
67.95 ± 21.21 mL/min/1.73m 2 , p<0.001). Severe impairment of cardiac function (LVEF <35%) was associated with a 1.57-fold greater risk of association with renal dysfunction compared to those with LVEF ≥35% (CI 95% 1.21 -2.03) and was present in 47.21% of patients with renal dysfunction and 30% of those without renal dysfunction (p <0.001). Also, patients with atrial fibrillation had lower GFR compared to those without atrial fibrillation (61.85 ± 21.48 mL/min/1.73m 2 vs 66.8 ± 21.34 mL/min/ 1.73m 2 , p = 0.024). The mean Hb in patients with renal dysfunction was significantly lower compared to those without renal dysfunction (12.58 ± 1.84 g/dL vs. 13.44 ± 1.83 g/dL, p<0.001). Pearson correlation analysis demonstrated that there is a direct and statistically significant correlation between GFR and hemoglobin (r = 0.359, p<0.001). However, GFR is a poor predictor of hemoglobin (R 2 = 0.123, beta = 0.031, p<0.001, fig. 3 ).
Clinical congestion was present in 78.2% of patients with renal dysfunction compared to 68% of those without renal impairment (p = 0.02), mean GFR being significantly lower in the presence of clinical congestion compared with no congestion (62.04 ± 21.27 mL/min/1.73m 2 versus 68.87 ± 21.57 mL/min/1.73m 2 , p = 0.005). Mean GFR in patients with LVEF <35% was significantly lower compared to patients with LVEF ≥ 35% (57.41 ± 20.5 mL/min/1.73m 2 vs.
67.95 ± 21.21 mL/min/1.73m 2 , p<0.001). Severe impairment of cardiac function (LVEF <35%) was associated with a 1.57-fold greater risk of association with renal dysfunction compared to those with LVEF e"35% (CI 95% 1.21 -2.03) and was present in 47.21% of patients with renal dysfunction and 30% of those without renal dysfunction (p <0.001). Also, patients with atrial fibrillation had lower GFR compared to those without atrial fibrillation (61.85 ± 21.48 mL/min/1.73m 2 vs 66.8 ± 21.34 ml/min/ 1.73m 2 , p = 0.024). The mean Hb in patients with renal dysfunction was significantly lower compared to those without renal dysfunction (12.58 ± 1.84 g/dL vs. 13.44 ± 1.83 g/dL, p<0.001). Pearson correlation analysis demonstrated that there is a direct and statistically significant correlation between GFR and hemoglobin (r = 0.359, p<0.001). However, GFR is a poor predictor of hemoglobin (R 2 = 0.123, beta = 0.031, p<0.001, fig. 3 ).
The prevalence of anemia in patients with renal dysfunction was significantly higher compared to those without renal dysfunction (47.7% vs 29.5%, p <0.001). Patients with renal dysfunction have a 1.45-fold greater risk of having anemia compared to those without renal dysfunction (CI 95% 1.20-1.76). In fact, the mean GFR in patients with anemia was significantly lower than those without anemia (56.5 ± 20.09 mL/min/1.73m 2 versus 68.52 ± 21.15 mL/min/1.73m 2 , p <0.001). Anemia was 2 times more frequent (CI95% 1.48-2.71) in patients with renal dysfunction and diabetes compare to patients with renal dysfunction without diabetes (30.6% -30/98 patients respective 64.6% -64/99 patients, p<0.001). On the other hand, the prevalence of anemia in diabetic patients was 54.5% (85/156 patients). Anemia was present in 36.8% (21/57 patients) of diabetic patients without renal impairment, 1.52 times (CI95% 1.17-1.99) less than in the diabetic patients with renal dysfunction (64.6% -64/99 patients) (p=0.001, fig. 4 ). Nearly half (49.6%) of the patients with chronic heart failure included in our study, hospitalized for cardiac failure decompensation had at least moderate renal impairment, evaluated by GFR<60mL/min/1.73m 2 . It is thus confirmed that renal dysfunction has a high prevalence in patients with severe heart failure, data from the literature suggesting an estimated prevalence of renal dysfunction in patients with heart failure between 30% and 54% and increase cardiovascular risk and reduces the quality of life [14] [15] [16] [17] [18] [19] [20] [21] . Conversely, cardiac disease is a very common comorbidity not only in patients with COPD [22] but also in cases with chronic kidney disease (CKD). Foley et al. showing that 39.9% of patients with CKD had heart failure at baseline, and another 30.7% developed heart failure in the following year after CKD diagnosis [23] . Depending on the severity of renal dysfunction, only 2.5% of our patients had severe renal dysfunction (GFR<30mL/min/1.73m 2 ). Renal function was within normal range (GFR>90mL/min/ 1.73m 2 ) in 13.35% of patients. In a meta-analysis of 16 studies, Smith et al. showed that 63% of patients with HF had a degree of renal impairment, and 29% had severe renal impairment [24] . The proportion of patients with GFR<30mL/min/1.73 m 2 in our study was much lower (2.5%) than the one found in the quoted study, 29% [24] . This may suggest that the prevalence of renal dysfunction has been underestimated, because patients with severe renal dysfunction mainly addressed to nephrology and not to cardiology clinics. These data support the fact that association of renal function impairment in patients with compromised cardiac function is frequent, therefore awareness of its consequences and preservation of renal function should be important for every clinician treating patients with heart failure.
Reduction of GFR reflects often a worsening of renal function in patients with decompensated heart failure and was associated with a higher prevalence of comorbidities such as diabetes mellitus, HTN, COPD and atrial fibrillation. These results are similar to the results of other studies that suggested a higher prevalence of cardiovascular risk factors in patients with a more severe reduction in renal function [17, 25, 26] . Also, both the significantly lower mean GFR and the higher prevalence of renal dysfunction were associated with female gender, advanced age, and a more severe cardiac status of patients with heart failure studied, characterized by a higher NYHA functional class, presence of clinical congestion in a larger number of patients, and lower LVEF. Our analysis confirms the results of other studies suggesting that renal function may be an additional marker of poor cardiac function along with LVEF and the NYHA functional class [14, 27, 28] . Also, evaluation of renal function may reflect hemodynamic status of patients through the presence of clinical congestion and requires the adaptation of the therapeutic regimen of cardiac insufficiency to achieve the maximum therapeutic benefit. The high prevalence of anemia in these patients with decompensated heart failure (38.54% -153/397 patients), according to the data already published [29] , could be associated with hypervolemia clinically assessed by the presence of congestion, present in a larger proportion in patients who have associated GFR<60mL/min/1.73m 2 (by hemodilution). Our study demonstrated the existence of statistically significant direct correlations between GFR and hemoglobin (p <0.001). The hemoglobin value is decreasing progressively with decreased renal function, and mean GFR was significantly lower in patients with heart failure and anemia compared to those without anemia. Wexler et al. showed there was a significant inverse relationship between serum creatinine and hemoglobin [15] . Renal dysfunction is a common comorbidity in diabetes, heart failure, is a strong independent predictor of an increased risk of anemia [30] and even death [31] . The data from the literature [32] [33] [34] [35] [36] and our results suggest that the presence of renal dysfunction in patients with heart failure is associated with a more severe clinical picture as well as the presence of anemia. Anemia is, on the one hand, a marker of more severe impairment of renal or cardiac function and, on the other hand, a mediator of direct damage to them. In our group, 23.7% of patients had cardio-renal-anemia syndrome, similar to literature data [32] . Anemia was more common in patients with heart failure and renal dysfunction, suggesting that renal impairment may additionally contribute to the development of anemia in heart failure. The existence of statistically significant correlations between GFR and hemoglobin, the association of renal dysfunction with a more severe cardiac status and the higher prevalence of anemia in patients with renal dysfunction may suggest the existence of common pathological pathways between impaired cardiac and renal function, and anemia (eg as HF worsens, GFR decreases and anemia may get worse). It was observed that in chronic kidney disease without heart failure, moderate and severe renal impairment (defined by GFR<60 mL/min/ 1.73m 2 ) is associated with a linear decrease in hemoglobin relative to GFR reduction [36] . The main cause of anemia in chronic kidney disease is the reduction in erytropoetin (EPO) production and consequently the decrease in erythrocyte production in the bone marrow and hence the decrease in serum hemoglobin levels. Heart failure can cause renal dysfunction by lowering cardiac output, decreasing renal plasma flow, and renal vasoconstriction, resulting in chronic renal ischemia, increased EPO production in proportion to the severity of heart failure but less in relation to the degree of anemia suggesting a blocked production [37] [38] [39] [40] . Relative EPO deficiency and EPO resistance are also two pathological phenomena present in chronic anemic patients with kidney disease and in those with heart failure [39] [40] [41] [42] [43] [44] . Advanced age and the presence of diabetes are known risk factors for both heart failure and renal dysfunction. It is known that diabetes mellitus promotes anemia at the early stages of renal dysfunction [45] . In our study, patients with renal dysfunction had more frequent diabetes compared to those without renal dysfunction and anemia was 2 times more common in diabetic patients with renal dysfunction and heart failure compared to those with heart failure and preserved renal function. After the studies of Botnariu et al [46] both fasting glycaemia and HbA1c significantly correlated with cardiovascular risk scores in non-diabetic persons and could explain the high prevalence of renal dysfunction in our study. Normocytic normochromic anemia was the most common type of anemia seen in the patients in our study, regardless of the presence or absence of renal dysfunction. The proportion of patients with normocytic normochromic anemia was significantly higher in the presence of renal dysfunction compared to its absence, suggesting that chronic inflammation plays an important role in patients with chronic heart failure, the presence of renal dysfunction influencing hemoglobin synthesis in patients with chronic heart failure.
Study limits
Renal function was evaluated by the CKD-EPI equation. In patients with heart failure, GFR may be overestimated. Serum creatinine level depends of muscle mass, and patients with severe heart failure, included in our study, may have less well-defined muscle mass. Albuminuria, an important marker of renal lesion, especially in patients with GFR>60 mL/min/1.73m 2 , has not been determined. In addition, our study is a cross-sectional observational study and does not provide data on patient prognosis.
Conclusions
The prevalence of kidney dysfunction and anemia in patients admitted for decompensation of heart failure is high. Also, renal function can be used as a marker of severe cardiac dysfunction associated with the presence of diabetes mellitus, more severe clinical status and the presence of anemia. Therefore, the presence of both renal dysfunction and anemia allow patients with severe heart failure to be identified and could have prognostic implications.
